Properties of SnO2 Films Grown by Atomic Layer Deposition  by Cheng, Hsyi-En et al.
 Procedia Engineering  36 ( 2012 )  510 – 515 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.03.074 
IUMRS-ICA 2011 
Properties of SnO2 Films Grown by Atomic Layer Deposition 
Hsyi-En Chenga,*, De-Cih Tiana, Kuan-Chun Huanga 
aDepartment of Electro-Optical Engineering, Southern Taiwan University,Tainan,Taiwan, ROC.  
 
Abstract 
In this study, we report on the influence of deposition temperature on the properties of SnO2 thin films grown by 
atomic layer deposition (ALD) at temperatures between 300 and 450oC with SnCl4 and H2O as the reactants. The 
SnO2 films were grown on silicon and glass substrates for the analysis of growth rate, crystallinity, resistivity, carrier 
concentration, carrier mobility, and visible light transmittance. Ellipsometry measurements showed that the growth 
rate of SnO2 increased with the increase of deposition temperature, but it became instable as the deposition 
temperature was above 450oC. Scanning electron microscope images demonstrated that the crystal shape and size 
changed with the deposition temperature. Four-point probe measurements indicated an increase of film resistivity 
with increasing the deposition temperature. Hall Effect measurements revealed that the increase of resistivity was due 
to the decrease of carrier concentration. UV/Vis spectrophotometry measurements indicated that the film 
transmittance was independent of the deposition temperature and was similar for various films with the same 
thickness. 
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1. Introduction 
Tin oxide has attracted great attention in recent decades because of its high transparency and 
conductivity combined with superior stability [1-2]. It is widely used as gas sensors, dye-sensitized solar 
cells, ion-sensitive field effect transistors, catalysts, and transparent electrodes for flat panel displays [3-7]. 
There are several ways to fabricate the films, including sputtering, chemical vapor deposition, spray 
pyrolysis, and atomic layer deposition (ALD) [8-11]. Among these, ALD demonstrates unique film 
properties as compared to the other fabrication technologies. ALD can provide a dense and high aspect 
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ratio film with low defect-density. Due to the alternating self-controlled chemical process, ALD is an 
ideal technology for depositing ultrathin film with high conformality and precise thickness [12]. 
In this study, we prepared SnO2 films by home-made ALD system using SnCl4 and H2O as reactants at 
various temperatures and investigated the film’s growth rate, crystallinity, resistivity, carrier 
concentration, carrier mobility, and visible light transmittance. 
2. Experimental 
A homemade hot-wall ALD reactor was used to grow tin oxide films on n-type Si (100) wafers and 
glass substrates. SnCl4 and H2O were used as reactants, and inert gas-Ar (99.999%) performed carrying 
and purging functions. SnCl4 was hold at 5 oC, and the vacuum-distilled H2O was evaporated at 25°C. The 
injections of SnCl4 and H2O were 0.10 and 0.53 cc, respectively. An ALD cycle consisted of the injection 
of SnCl4 for 1 second, pumping for 1 second, Ar purging for 1 second, pumping for 1 second, H2O gas for 
1 second, pumping for 1 second, Ar purging for 1 second, and pumping for 1 second, which lasted 8 
seconds for one cycle. All injection and purge steps were computer-controlled by electric-operated valves. 
An ellipsometer (FiveLab-MARY-102) was used for thickness analysis. The crystalline phase of the 
oxide films was characterized by XRD (Rigaku D/MAX 2500) using Cu- KĮ radiation operated at 40 KV. 
The microstructure was examined by a field emission scanning microscope (FE-SEM, Philips XL -
40FEG). The sheet resistance was examined by four point probe measurements (Four Dimensions Inc.-
MODEL 280SI). The carrier concentration and mobility were investigated by Hall measurement (Ecopia 
HMS-3000/ 1.0T). The transmittance was examined by optical absorption spectrometer (Ocean optics 
TRF 2006). 
3. Results and Discussion  
Figure 1 shows the growth rates of ALD tin oxide films. The growth rates were around 0.02, 0.04, 0.06, 
and 0.05 nm/cycle for films grown at 300, 350, 400, and 450 oC, respectively. The growth rate increased 
with the increase of deposition temperature at temperatures between 300 and 400 oC, but it become down-
turned at temperatures beyond 400oC. The reason for the decrease of growth rate at temperatures beyond 
400oC may be due to the decrease of absorption amount of reactions [13]. The high instability of 
absorption amount at high temperature also resulted in a broaden growth rate for 450oC-deposited film. 
The XRD diffraction patterns shown in Fig. 2 demonstrated that the as-deposited films were tetragonal 
rutile SnO2. With increasing processing temperature, the SnO2 crystallization increased obviously. The 
low growth rate at low processing temperature resulted in a low film thickness that the crystallization of 
300oC-deposited films could not easily detected by the XRD measurement system. We calculated the 
grain size of films grown at various processing temperatures by using the Scherrer equation based on the 
peak of rutile (110), and the results were shown in table 1. The grain size increased with the increase of 
processing temperature.  
Figure 3 shows the surface morphology of the SnO2 films grown on glass substrate. The crystals were 
scattered and irregularly arranged within an amorphous matrix for 300oC-deposited film as shown in Fig. 
3a. When the processing temperature increased, the film surface had a relatively uniform and dense 
crystalline form. The crystals in film grown at 350 oC were with a lenticular shape as shown in Fig. 3b, 
but they become polygonal at 400 oC as shown in Fig. 3c. The grain size increased and the shape 
transformed to circular for film grown at 450 oC as shown in Fig. 3d. The cross section images show 
that after 1000 cycle deposition the film thicknesses were 21ǵ38ǵ58 and 52 nm for films grown at 
deposition temperatures of 300, 350, 400 and 450 oC, respectively. (The cross section SEM is not 
attached here.)  
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Fig. 1. The dependence of SnO2 film growth rate on the deposition temperatures.   
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Fig. 2. The XRD diffraction patterns of SnO2 films grown at the indicated temperatures.   
Table 1. The grain size of films grown at various deposition temperatures by Scherrer equation based on the peak of rutile (110).  
Processing temperature (oC) 300 350 400 450 
Grain size (nm) --- 13.9 20.4 26.5 
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Fig. 3. The top view SEM images of SnO2 thin films grown at temperatures of (a)300 oC, (b)350 oC, (c)400 oC, and (d)450 oC. 
The sheet resistance was measured by four-point-probe. Using the formula ȡ (ȍ-cm) = Rs (ȍ / Ƒ) × t 
(cm), where ȡ is the resistivity of film, Rs is the sheet resistance, and t is the film thickness, the film 
resistivity was obtained. Figure 4 shows that the SnO2 film resistivity increased with the increase of 
processing temperature at temperatures between 300 and 400 oC. However, at processing temperature of 
450 oC, the resistivity reduced to 60 mȍ-cm. The carrier concentration and carrier mobility of SnO2 films 
were shown in Fig. 5. Obviously, the carrier concentration decreased as the processing temperature 
increased. Based on the SnO2 thin film conduction mechanism, the film seems exist a lot of oxygen 
vacancies at low processing temperatures. As the temperature increased, oxygen atoms were more able to 
bond with tin atoms, making the oxygen vacancies reduced. The carrier mobility increased significantly 
for 450oC-deposited film due to the larger grain size and less oxygen vacancies which reduced the 
probability of carrier scattering. 
The transmittance of the 40 nm-thick SnO2 films grown on the glass substrates under various 
temperatures was shown in Fig. 6. The average transmittance of SnO2 films was higher than 80% in the 
visible region. The film transmittance was nearly identical for all the samples; that is, the transmittance of 
the SnO2 film is not related to its film resistivity. 
 
514   Hsyi-En Cheng et al. /  Procedia Engineering  36 ( 2012 )  510 – 515 
300 350 400 450
0
20
40
60
80
100
120
140
R
es
is
tiv
ity
ʻm
:
-c
m
ʼ
Processing temperatureʻoCʼ  
Fig. 4. The dependence of SnO2 film resistivity on the deposition temperatures.   
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Fig. 5. The dependence of SnO2 film carrier concentration (solid line) and mobility (dotted line) on the deposition temperature.   
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Fig. 6. The transmittance of 40 nm SnO2 thin films grown on glass at the indicated temperatures. 
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4. Conclusions 
Film growth rate of ALD SnO2 was affected by deposition temperature and had a maximum at around 
400 oC. The film was polycrystalline, and the grain size become larger when the deposition temperature 
increased. The lowest sheet resistance appeared at deposition temperature of 300 oC. The average 
transmittance of SnO2 films was higher than 80% in the visible region, and was not affected by the 
deposition temperature. 
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